A cladistic analysis of the genus Atlantodesmus Hoffman, 2000 is presented. With a total of 11 taxa and 30 morphological characters, and under implied weighting (k = 3), two equally most parsimonious trees (length = 58 steps; total fit = 23.150; CI = 0.64; RI = 0.64) recovered the monophyly of the genus. The resulting synapomorphies are: absence of a ventral projection on the post-gonopodal sternites; presence of folds on the dorsal edge of the prefemoral region of the gonopod; and one homoplastic transformation: presence of a cingulum. In addition, Atlantodesmus sierwaldae sp. nov. is described from the state of Minas Gerais, in the Brazilian Cerrado, and a key to the males of the genus is provided.
Introduction
The Chelodesmidae Cook, 1895 is the second largest family in the class Diplopoda de Blainville,In the Chelodesminae, the genus Atlantodesmus Hoffman, 2000 contains species widely distributed in the Atlantic forest of Brazil (Hoffman 2000; Bouzan et al. 2017 ). The genus is not assigned to any tribe, though Hoffman (2000) suggested a close relationship with members of the genus Arthrosolaenomeris Schubart, 1943 in the tribe Arthrosolaenomeridini Hoffman, 1976 , due to the presence of a cingulum on the gonopod and a supposedly similar geographic distribution. Recently, Atlantodesmus was revised and considered as a senior synonym of Iemanja Hoffman, 2000 (Bouzan et al. 2017) , and is currently composed of the species A. eimeri (Attems, 1898) , A. itapurensis (Schubart, 1943) , A. pickeli (Schubart, 1946) , A. pintoi (Schubart, 1946) and A. teresa (Hoffman, 2000) .
In this study, a morphology-based cladistic analysis is performed to test the monophyly of Atlantodesmus. In addition, Atlantodesmus sierwaldae sp. nov. from the state of Minas Gerais, Brazil, is described based on several differences in the morphology of the gonopod, and an updated key to the males of the genus is provided.
Material and methods
The material examined is deposited in the following institutions indicated below (curators in parentheses). Photographs were taken with a Leica DFC 500 digital camera mounted on a Leica MZ16A stereo microscope. Focus-staked images were composed with Leica Application Suite version 2.5.0. For the gonopod terminology we follow Pena- Barbosa et al. (2013) , Koch (2015) for the cyphopod terminology, and Attems (1898) and Brölemann (1900) for other somatic characters. 
Repositories

Cladistic analysis
All recognized species in the genus Atlantodesmus were included in the cladistic analyses. Members of the tribes Strongylomorphini: Brasilodesmus paulistus paulistus (Brӧlemann, 1902) , Macrocoxodesmini: Macrocoxodesmus marcusi Schubart, 1947, and Arthrosolaenomeridini: Arthrosolaenomeris pantalanensis Schubart, 1943 were included as outgroups, as well as two species not assigned to any tribe (Leiodesmus sp. and Plectrogonodesmus gounellei (Brölemann, 1902) ), hypothesized to be closely related to Atlantodesmus, according to Hoffman (2000) and Bouzan et al. (2017 Bouzan et al. ( , 2019 .
The character construction was based on established procedures for morphological cladistic analyses, such as topological correspondence between the structures, similarity, and hierarchy and independence between characters and states (Rieppel & Kearney 2002) . Contingent character construction was employed in some cases (Strong & Lipscomb 1999) , due to the relationship concerning the presence/absence of structures (neomorphic feature) and their possible shapes (transformational) (Sereno 2007) . The character matrix (Tables 1-2) was constructed using the program ASADO ver. 1.89 (Nixon 2004) . All characters were 
# Character
Character state
(1) Coloration of the body rings (Pena-Barbosa et al. 2013, character #6) : 0 -Uniform; 1 -Not uniform (Fig. 3) .
(2) Patches of color on the paranota: 0 -On lateral margin (Fig. 4A) ; 1 -Extended to posterior edge (Fig. 4C) ; 2 -On central area (Fig. 4B) .
(3) Tegument of the body rings: 0 -Smooth ( Fig. 4A-C) ; 1 -Granular (Fig. 4D) .
(4) Edge of the lateral projection on the seventh sternite: 0 -Smooth (Fig. 4A) ; 1 -Serrated (Fig. 4B ).
(5) Ventral projection on the fourth sternite: 0 -Absent; 1 -Present ( Fig. 5C ).
(6) Ventral projection on the fifth sternite: 0 -Absent; 1 -Present ( Fig. 5D ).
(7) Ventral projection on the sixth sternite (Pena-Barbosa et al., 2013, character #9) : 0 -Absent; 1 -Present.
(8) Ventral projection on the seventh sternite (Pena-Barbosa et al., 2013, character #10) : 0 -Absent; 1 -Present.
(9) Ventral projection on the sternites just after the gonopods (Pena-Barbosa et al., 2013, character #18) : 0 -Absent; 1 -Present.
(10) Shape of the posterior edge of the paranota (Pena-Barbosa et al., 2013, character #21) : 0 -Rounded (Fig. 5E ); 1 -Acuminate (Fig. 5F ).
(11) Paranota alignment in oral view (Pena-Barbosa et al., 2013, character #13) : 0 -Straigth; 1 -Curved ventrad; 2 -Curved dorsad.
(12) Dorsal lobe on the prefemur of the fifth leg (Pena-Barbosa et al., 2013, character #16) : 0 -Absent; 1 -Present.
(13) Folds on the aperture of the gonopod (Pena-Barbosa et al., 2013, character #20) : 0 -Absent; 1 -Present (Fig. 6A ).
(14) Posterior edge of gonopod aperture (Pena-Barbosa et al., 2013, character #23) : 0 -Not extended to coxae of the legs; 1 -Extended up to half of the coxae; 2 -Exceeding the coxae.
(15) Coxal apophysis (Pena-Barbosa et al., 2013, character #27) : 0 -Absent; 1 -Present.
(16) Setae on the gonocoxae: 0 -Two setae; 1 -A row of setae.
(17) Shape of the projection on the gonocoxae: 0 -Oval; 1 -Subtriangular; 2 -Digitiform.
(18) Folds on dorsal edge of the prefemoral region: 0 -Absent; 1 -Present (Fig. 6B ).
(19) Prefemoral process: 0 -Smooth (Fig. 6C ); 1 -Serrated (Fig. 6D ).
(20) Projection on prefemoral process (Pena-Barbosa et al., 2013, character #47) : 0 -Absent; 1 -Present. treated as nonadditive. The search for the most parsimonious cladograms were carried out heuristically in TNT ver. 1.5 (Goloboff & Catalano 2016) . The searches of the trees were conducted under implied weights of the characters (Goloboff 1993; Goloboff et al. 2008a Goloboff et al. , 2017 and with different values for the constant k (1-7). The analysis was conducted following the Traditional search, with 1000 replications and 100 trees held per replicate. Concerning the different topologies for different values of k, the tree topology that shared the highest number of nodes with the other trees was considered the most stable, and thus, used for the our discussion. The measurement of the sharing was made by subtree prune and regraft [SPR-distances] (Goloboff et al. 2008b) . Branch support was calculated through relative Bremer support (Bremer 1994; Goloboff & Farris 2001) and by Symmetric Resampling approach (Goloboff et al. 2003) under implied weights of the characters, using the Traditional search with 700 replications and 2000 resampled matrices. The strict consensus of the two most parsimonious trees is presented in Fig. 1 with only unambiguous changes. The list of terminal taxa scored for the cladistic analysis is presented in Appendix 1.
Results
Taxonomy
Order Polydesmida Pocock, 1887 Suborder Leptodesmidea Brölemann, 1916 Family 
# Character
Character state (21) Cingulum: 0 -Absent; 1 -Present.
(22) Shape of the cingulum: 0 -Reduced; 1 -Well-developed (Fig. 2E-F) . 
Diagnosis
Modified from Bouzan et al. (2017) : males of Atlantodesmus differ from other chelodesmid genera by the combination of the following characters: absence of ventral projections on the sternites (except A. itapurensis and A. teresa, which have a pair of projections on the fourth sternite; Fig. 5C ); presence of folds on the dorsal edge of the prefemoral region of the gonopod (Fig. 6B) , except A. pickeli; presence of a cingulum (Fig. 2E−F) ; acropodite branching, forming a long, thin, falciform solenomere, and a large acropodite process with a broadened apical region overreaching the tip of the solenomere (Fig. 2C−F) .
Distribution
Occurring in the Atlantic rain forest (states of Paraná, Santa Catarina, São Paulo, Minas Gerais, Espírito Santo and Bahia) and in the Cerrado (states of São Paulo, Mato Grosso do Sul and Minas Gerais) areas of Brazil. See map in Bouzan et al. (2017) .
Composition
Six species: Atlantodesmus eimeri (Attems, 1898), A. itapurensis (Schubart, 1943) , A. pickeli (Schubart, 1946) , A. pintoi (Schubart, 1946) , A. teresa (Hoffman, 2000) and A. sierwaldae sp. nov. 
Diagnosis
Males differ from all other species of the genus by the following features: paranota and posterior border of the metaterga whitish (Fig. 2A) ; tip of acropodite hood-shaped, covering the solenomere only in mesal view (Fig. 2C, E) ; prefemoral process of the gonopod without serrated margin ( Fig. 2E−F) .
Etymology
The specific epithet is a patronym in honor of Dr. Petra Sierwald, for her friendship and outstanding contributions to our knowledge concerning millipedes. Coloration (in 70% ethanol). Head light brown with whitish labral region ( Fig. 2A) . Antennae whitishyellow. Body brown; paranota and posterior margin of metaterga whitish.
Material examined Holotype
Body rings. Integument slightly rough; alignment of paranota curved slightly dorsad; anterior corners rounded, posterior edges acutely produced; ozopores and peritremata situated on the posterior edge of paranota (Fig. 4C) . Sterna without modifications.
legs. Whitish yellow and without modifications, with thin and slightly elongated setae. Gonopod aperture transversely oval; posterior edge excavated and with folds. Telson light brown with whitish apex (Fig. 2B) ; hypocroct triangular, with two setae. gonopods ( Fig. 2C−F) . Gonopod: length 2.22 mm, width 1.79 mm. Coxae: length 0.61 mm, width 0.93 mm. Telopodite: length 1.99 mm, width 0.61 mm. Coxae equivalent to about half the length of telopodite and prominently rounded in ectal view ( Figs 2F, 3C) ; with two or three long setae on distal dorsal side and with two or four short setae above cannula; without a spiniform process. Cannula hookshaped (Cn; Figs 2C, 3A) . Prefemoral region ⅓ the size of telopodite; dorsal side with folds. Prefemoral process a long and broad, smooth blade, with the terminal portion expanded, acuminate at apex (PfP; Figs 2C-F, 3) . Conspicuous cingulum present below bases of solenomere and acropodite (C; Figs 2E-F,  3) . Solenomere long and falciform, tapering to acuminate tip; carrying the seminal groove to apical point (S; Figs 2E-F, 3B-C) . Acropodite long, obscuring solenomere in most of its length in ectal view; overreaching the solenomere; hood-shaped. Prefemoral process covering the solenomere in most of its length in mesal view. Acropodite process weakly sclerotized and covering the apical part of the solenomere, in ectal view and also is irregular.
Female
Unknown.
Distribution
The species is known only from the type locality. 
Phylogenetic relationships
The cladistic analysis returned two equally most parsimonious trees under value of the constant k = 3, which showed the highest number of nodes shared (strict consensus presented in Fig. 1 ; and the two trees in Appendix 2), with the genus Atlantodesmus recovered as a monophyletic group, as suggested by Bouzan et al. (2017) . The clade is supported by two synapomorphies and one homoplastic transformation: absence of ventral projection on the sternite just after the gonopods (char. 9 [0]), folds on dorsal edge of the prefemoral region (char. 18 [1] ) and presence of a cingulum (char. 21, a presence shared with Arthrosolaenomeris pantalanensis). Despite forming a monophyletic group, the relationships of the species within the genus still remain unclear. Based on the topology, the species Atlantodesmus teresa was the first to diverge, and the latter group (A. eimeri + (A. itapurensis + A. sierwaldae) + (A. pickeli + A. pintoi)) was recovered as a trichotomy. In the strict consensus, the trichotomy is supported by two synapomorphies and one homoplastic transformation: absence of ventral projection on the fourth sternite (char. 5 [0]), paranota dorsally curved (char. 11 [2] ) and a serrated prefemoral process (char. 19 [1] , although reversed to the smooth aspect in A. sierwaldae). In the two trees obtained, the trichotomy was resolved with the grouping (A. eimeri + (A. pickeli + A. pintoi)) supported by a reduced cingulum (char 22 [0]) (Appendix 2, A), and with the grouping (A. eimeri + (A. itapurensis + A. sierwaldae)) by a serrated lateral projection on the seventh sternite (Appendix 2, B). Fig. 4 . Details of the tergites in the genus Atlantodesmus Hoffman, 2000 . A. A. pickeli (Schubart, 1946 . B. A. pintoi (Schubart, 1946) . C. A. sierwaldae sp. nov. D. A. eimeri (Attems, 1898) . Scale bars = 2 mm.
Discussion
As suggested by Hoffman (2000) , the genus Atlantodesmus is possibly related to Leiodesmus Silvestri, 1897, and the presence of a well-defined cingulum on the telopodite (specified for the junior synonym Iemanja) would indicate a possible relationship with the genus Arthrosolaenomeris. However, based on our topology, neither genus was recovered close to Atlantodesmus. Although we found that the (Attems, 1898) . B. Serrated in A. pintoi (Schubart, 1946) . C. Ventral projection on the fourth sternite in A. teresa (Hoffman, 2000) . D. Ventral projection on the fifth sternite in Arthrosolaenomeris pantalanensis Schubart, 1943 . E-F. Shape of the posterior edge of the paranota. E. Rounded in A. pantalanensis. F. Acuminate in Atlantodesmus eimeri (Attems, 1898) . Scale bars: A-B = 250 µm; C-F = 500 µm.
genus Atlantodesmus is a well-supported clade, no inference concerning its tribal position was possible.
The phylogenetic relationship of the genus allows first insights into its biogeographic origin. The clade A. itapurensis + A. sierwaldae occurs mainly in areas containing the biome Cerrado, while the other taxa are distributed exclusively in the Atlantic rain forest. Concerning the cingulum, our results corroborate the suggestion made by Hoffman (2000) , in which the presence of the structure is merely a recurrent homoplasy in different groups within the family. Importantly, phylogenetic relationships of the Chelodesmidae still require more investigation to achieve a better understanding of the morphological characters (Pena-Barbosa et al. 2013) , as well as the delineation of its generic and tribal limits. This work presents important results about the evolution of the characters for Atlantodesmus, corroborating hypotheses from previous taxonomic treatments (Hoffman 2000; Bouzan et al. 2017) .
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